Glasgow outcome scale at hospital discharge as a prognostic index in patients with severe traumatic brain injury Escala Traumatic brain injury (TBI) has been increasing in civilian population in a direct relationship to technological development, especially due to the great number of motor vehicle accidents and urban violence. Nowadays it represents a serious public health problem, carrying high levels of morbidity and mortality and expressive social-economic impacts [1] [2] [3] . In Brazil, statistical data regarding traumatic injuries are not clear, but seems to indicate that about 84.4% of traffic and urban violence victims have some degree of associated TBI 4 .
In 1998, 20,000 deaths secondary to motor vehicle accidents were registered, and 60% of the survivors have shown some degree of definitive sequelae. Economical burden has been estimated to be greater than two billion dollars/year 5 , mainly due to the fact that TBI victims are generally young adults, in their most productive life phase, thus seriously compromising their professional capacity and health quality.
The early identification of brain injury severity is extremely important in TBI patients since many secondary damages can be prevented or minimized by applying correct therapeutic maneuvers, reducing, in this way, their adverse effects in the final patient outcome 1, 6 . For an adequate pre-hospital management, emergency medical services has been extensively improved, not only by incorporation of new technologies, but also by training and continuous education of health care professionals, according to national and international advanced trauma life support guidelines.
At hospital admission in the emergency room, besides application of Glasgow coma scale (GCS), these patients must be routinely evaluated by means of an extensive and careful clinical neurological examination and subsidiary tests that can guide their correct management, thus avoiding critical and irreversible lesions 7, 8 . However, not withstanding the most careful management of these victims, from pre-hospital care to post-hospital discharge rehabilitation, it has been observed that TBI is responsible for serious sequelae, and this fact justifies more detailed researches to investigate their long-term outcome with the aim to prevent or mitigate them.
In this way, the Glasgow outcome scale (GOS), described by Jennett and Bond 9 in 1975, has been extensively employed to outcome evaluation of TBI patients take into consideration their physical, social and cognitive sequelae [10] [11] [12] [13] . Despite some controversies regarding GOS reliability, it is widespread used to evaluate long-term outcome of severe brain injured patients 14 . In the international medical literature some investigations that have applied the GOS to evaluate TBI patients' outcome are found [15] [16] [17] [18] [19] [20] . However, in Brazil, reports in this field are scarce. In addition, to our knowledge, there was not a single investigation that has employed GOS at hospital discharge (GOS-HD) as a tool to estimate long-term prognosis in severe TBI patients.
In this way, the main objective of the present study was to evaluate if GOS-HD can be employed as a long-term prognostic index in severe TBI patients.
METHODS
The research protocol was approved by Institutional Ethics Research Review Board (Certificate nº 301/2000) at University of Campinas (UNICAMP), São Paulo, Brazil.
The investigation was carried out in two phases: the first one, retrospective, at the Hospital of Clinics-UNICAMP, with patients' selection from our intensive care unit (ICU) data bank, as previously reported by Falcão et al. 6 , and getting information from their medical records; and the second one, prospective, including an interview with patients and/or their relatives and performing a detailed clinical neurological evaluation of those who stayed alive.
Forty five severe TBI patients admitted to our ICU were selected from our data bank, according to the following inclusion criteria: age ≥13 years, both genders, GCS ≤8 at hospital admission, survival to hospital discharge and an elapsed time ≥12 months from the TBI at the second phase (prospective one). Exclusion criteria included those lost for late clinical neurological evaluation and those who denied their informed consent to take part in the clinical investigation.
GOS was applied as a tool for neurological evaluation of the TBI patients, both retrospectively, at hospital discharge (GOS-HD), and prospectively, at least one year after TBI (GOS-LATE). According to GOS, TBI patients were classified as: dead (D), vegetative state (VS), severe disability (SD), moderate disability (MD) and good recovery (GR) 9 . It is highlighted that GOS was evaluated at both moments (hospital discharge and later) only by one person (the main investigator -Oliveira), as suggested by Anderson, Housley and Jones 21 and Hellawel, Signorini and Pentland
22
. In the first phase of the study, the patients were selected based on our ICU data bank as previously reported by Falcão et al. 6 . For those patients who fulfilled inclusion criteria, additional data were obtained from their hospital medical records and registered in a specific form, including: patient' s identification, TBI cause, admission GCS, type of brain lesion according to CT scan and hospital outcome. GOS-HD was estimated according to patient' s neurological status at hospital discharge.
The patients selected in the first phase of the study (and/or their relatives) were then contacted and invited to participate in the second phase of the investigation, either in hospital dependences or at their homes, as feasible.
In this second phase (prospective one), as long as the patients or their relatives have given their informed consent, a second specific form was filled with data obtained by means of a structured interview and a clinical neurological evaluation performed by the main author. The patients were then classified according to GOS, now denominated GOS-LATE. 
Statistical analysis

RESULTS
Forty-five patients composed the study population with 36 men (80%) and 9 women (20%), aging 24.6±10.4 years (mean±SD; median=20 years), and 73% of them were single.
The main TBI causes were: car accidents (47%), motorcycle accidents (27%), accidental falls (11%), pedestrian-automobile accident (9%), assault injuries (4%) and gunshot wounds (2%).
GCS at hospital admission, the type of acute brain lesion at CT scan ( focal or diffuse), the need for neurosurgical interventions, and patients' classification according to GOS at hospital discharge (GOS-HD) and at later evaluation (GOS-LATE) are shown in Table 1 .
GCS at hospital admission versus GOS-LATE
There was no association between categorical GCS at hospital admission (3-5 versus 6-8) and worst outcome according to GOS-LATE (Fisher exact test; p=0.2747). GCS at hospital admission was also not indicative of worst prognosis by univariate logistic regression analysis (p=0.1088) ( Table 2) .
GOS-HD versus GOS-LATE
From 64% (29/45) of patients initially classified by GOS-HD as VE and SD, 41% (12/29) remained within this classification by GOS-LATE. However, amongst patients classified as MD or GR (15 and 1, respectively) by GOS-HD, significant improvement was observed, and GOS-LATE has shown GR in 75% of them (12/16). There was a positive and significantly association between GOS-HD and GOS-LATE (χ 2 test; p=0.0274). As well, the univariate logistic regression analysis has shown that a worst classification by the GOS-HD was significantly indicative of pour late outcome (p=0.0319) ( Table 3) .
Multivariate logistic regression analysis
By the application of multivariate logistic regression analysis, as shown in Table 4 , it was found that patients classified as MD and GR by GOS-HD have had a greater chance of better outcome according to GOS-LATE when compared to patients initially classified as VS or SD (OR=12.049; 95%IC 1.252-15.989; p=0.0312).
DISCUSSION
National and international epidemiological data have shown that TBI mainly affects young and male healthy people 19, 23, 24 . Indeed, in the present investigation, accordingly to these reports, TBI was seen more frequently in young males in a 4:1 proportion in relation to females. The mean patients' age was 24 years, corresponding to their most potentially productive life phase, as emphasized by Brandt et al. 23 .
In accordance with another clinical reports, the main cause of TBI was motor vehicle accidents (74% of the cases) 18, 24, 25 . The socioeconomic impact of TBI was also very impressive, as long as in the present investigation it was observed that almost 50% of the injured patients have shown some degree of long-term neurological sequelae or have been dead according to GOS-LATE.
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GOS has been widespread used due to its practicality, simplicity and sensibility, and has been recommended by many experts as a tool to uniformize data and to allow adequate comparisons between results obtained during longterm evaluation of TBI patients 26 .
In the investigation carried by Wilson, Pettigrew and Teasdale
27
, including 135 patients, GOS applied at hospital discharge has offered evidence that 97.8% of the patients have shown some degree of neurological disability, with relevant social and economical impact, as long as 40.4% of the patients remained classified as VS or SD one year after the initial TBI. In the present investigation, every patient has shown some degree of neurological disability at hospital discharge. Surprisingly, at least one year later, 71.1% of them have improved, and were classified as MD or GR by GOS-LATE, indicating a substantially better neurological condition than that reported by Wilson, Pettigrew and Teasdale 27 . In the literature, many authors have applied GOS to evaluate long-term outcome of TBI patients. Amongst them, it's highlighted the investigation of Jiang et al. 28 , that evaluated 846 patients with GCS ≤8 at hospital admission one year after TBI, and found 31.6% of GR, 14.1% MD, 24.3% SD, 0.6% VS and 29.4% dead by GOS classification.
In the present investigation, when the results obtained by GOS-HD were correlated with those measured by GOS-LATE, it was observed a better neurological improvement in patients classified as MD and GR by GOS-HD when compared to those that were graded as VS and SD at the same time (GOS has remained unchanged in 41.4% of them). However, it wasn't possible to estimate the real time needed for patients to accomplish this improvement, as long as they were evaluated by GOS-LATE in many different times elapsed from the initial brain injury.
In addition, Heiden et al. 29 were more systematic in their follow-up of TBI patients. These authors, in a prospective study, have evaluated 213 patients one, six and twelve months after TBI applying GOS. They reported the most prevalent GOS classification found at the end of the first month after TBI was SD, and that 16% of the patients were in VS. After six months, 68% of them have shown some neurological improvement (MD and GR were prevalent). At one year after TBI, GOS has shown that 35% of the patients were in MD-GR, 13% in SD-VS and 52% were dead.
Although in the medical literature it could be found many studies that have employed GOS for the long-term follow-up of TBI patients' outcome 24, 25, [28] [29] [30] , the correlation between GOS-HD and GOS-LATE is scarcely reported 31 . As a prognostic index tool, GOS-HD has shown to be highly useful in this investigation, indicating a possibility of later neurological outcome improvement 12 times higher in those patients classified as MD and GR when compared to those that have shown VS and SD (p=0.0312). This is an important finding as it opens some doors for the development of rehabilitation programs aiming to limit or minimize the serious sequelae that are often seen after TBI, condition that has been more and more frequently found in civilian life. Unhappily, this line of investigation has scarcely been reported or discussed worldwide.
Study limitations
Amongst many important limitations of the present investigation that could be responsible for some findings' bias, two of them must be highlighted. First, a retrospective methodology was employed for patients' selection, and only 10% of TBI victims admitted to our ICU during the period selected for data gathering were found for prospectively evaluation. Second, no reliable recordings could be retrieved to clearly known if the selected patients have been undergoing or not to a systematic neurological rehabilitation program just after hospital discharge.
In conclusion, in these severe TBI patients GOS-HD has shown to be a useful long-term prognostic index. Additionally, factors like the type of brain lesion, the need for neurosurgical interventions, the presence of pneumonia and increasing age had also been associated with poor long-term outcome.
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